have not yet been carried out and quantitative pressure flow relations in human choroidal vessels are as yet unknown. Linear choroidal pressure flow relations have been obtained in animal experiments in different species.5-8 In the rabbit, the choroidal blood flow has been shown to be pressure independent when IOP was less than 20-25 mm Hg.9
domised crossover study the drugs were administered in stepwise increasing doses to 10 male and nine female healthy volunteers. Systemic haemodynamic variables and fundus pulsations were measured at all infusion steps. Results-Fundus pulsation increased during infusion of isoproterenol with statistical significance versus baseline at the lowest dose of 0-1 uwg/min. Neither peripheral vasoconstriction nor peripheral vasodilatation affected the ocular fundus pulsations. Conclusions-Measurements of fundus pulsations is a highly reproducible method in healthy subjects with low ametropy. Changes oflocal pulsatile ocular blood flow were detectable with our method following the infusion of isoproterenol. As systemic pharmacological vasodilatation or vasoconstriction did not change fundus pulsations, further experimental work has to be done to evaluate the sensitivity of the laser interferometric fundus pulsation measurement in various eye diseases. (BrJ Ophthalmol 1996; 80: [217] [218] [219] [220] [221] [222] [223] Although 85% of the blood volume in the eye circulates in the choroid,' choroidal circulation is far less investigated than the retinal blood flow. The outer layers of the retina are nourished by the choroid, and animal experiments suggest that 90% of the oxygenation of the photoreceptors are supplied by choroidal circulation. 2 The introduction of fluorescein angiography,3 particularly of video fluorescein angiography,4 has increased the understanding of choroidal circulation. However, systematic investigations of choroidal haemodynamics
have not yet been carried out and quantitative pressure flow relations in human choroidal vessels are as yet unknown. Linear choroidal pressure flow relations have been obtained in animal experiments in different species. [5] [6] [7] [8] In the rabbit, the choroidal blood flow has been shown to be pressure independent when IOP was less than 20-25 mm Hg. 9 Blood vessels can be considered as cylinders filled with fluid at a pressure greater than that outside the cylinders. The pressure difference between the inside and the outside of a vessel is called the transmural pressure P. The corresponding tension T in the vessel wall can be calculated by Laplace's law P=T/R, where R is the radius of the cylinder. Any variation of the transmural pressure alters the tension of the vessel wall. Thus, pressure oscillations of cardiac pulse pressure output lead to a pulsation of the vessel wall. As blood is pumped into an artery, the systolic pressure increases and dilates the vessel wall. When cardiac ejection decreases, the pressure falls and the vessel wall returns to its equilibrium position, the diastolic pressure.10 The arterial pressure contour becomes progressively more distorted as the wave is transmitted down the arterial system. The elastic properties of an artery are described by the arterial compliance, the change in diameter over the change in pressure. The non-linear elastic response of arteries implies that their mechanical properties depend on the mean arterial pressure. 11 In retinal and choroidal vessels the mean transmural pressure at the arteries entering the eye nearly equals the mean perfusion pressure, defined as the pressure in the arteries entering the eye (Pa) minus the pressure in the veins (Pv) leaving the eye. Pf=Pa-Pv. The pressure in the veins, Pv, is significantly higher than the intraocular pressure (IOP) in the retinal vessels'2 whereas the difference in the choroidal vessels is small.'3 Therefore, the transmural pressure in the veins is rather small or even zero. Changes in transmural pressure and the consecutive change in vessel diameter lead to pulsations of the surrounding tissue.
Our work is concerned with local tissue pulsations at the foveola. This area of highest visual acuity is approximately 350 ,um in diameter.'4 This is a little smaller than the retinal avascular zone measuring approximately 500-600 ,um in diameter. In our study, where the area involved in the measurement is 20-50 ,um, the effect of tissue pulsations is only influenced by the blood flow in choroidal vessels. shown in Figure 1 , is a simplified version of the instrument described by Schmetterer (Fig 4) .
ISOPROTERENOL
The infusion was stopped at 1 6 ,ug/min in eight subjects and at 3-2 ,ug/min in seven subjects. In the remaining four subjects all seven infusion steps were administered. The slightly during the infusion steps. Fundus pulsations did not show significant changes during the infusion steps (Fig 6) .
IOP MEASUREMENTS
The results of our IOP measurements during isoproterenol and phenylephrine infusion are summarised in Table 1 The intrasubject variability of this novel method is generally small. The within day variability, calculated from the saline infusion study day, was slightly smaller than the day to day variability, calculated from the baseline registrations of the 4 study days. This finding was also observed for the haemodynamic variables and argues for slightly different cardiovascular reactivity on different study days.
The intersubject variability of our measurements is much wider and may be caused by several ocular variables. James et a118 observed a significant change of the ocular pulse with axial eye length and refractive state of the eye.
In our measurements the influence of bulbus length is probably low owing to the small refractive errors of our study group. Moreover, the axial eye length mainly influences the propagation of the pulse wave through the eye. Intersubject differences in the angioarchitecture of the choroid, especially the organisation of the vessels in the submacular region, as reported by Fryczowski et al,19 may have an important effect on our measurements. A decrease of the ocular pulse with an increasing heart rate was reported for patients with pacemakers.20 These findings suggest that, at an increase of the heart rate, there may be a shift from pulsatile to non-pulsatile blood flow in the ocular circulation. 20 During isoproterenol infusion the positive inotropic effect was responsible for both the dose dependent increase in 
